Experts in different accelerator laboratories accumulated wide experience in RFQ designing. Nevertheless new tasks on high-power, high-energy CW linac designing (for example, for ADT applications) were appeared recently. Such accelerators must be practically free of beam losses. This main condition placed more stringent requirements upon beam quality at the input of each linac part. Because RFQ is used as beginning part in above accelerators beam high-quality requirements is related to RFQ primarily. It means that existing experience in RFQ designing must be enriching by new approaches and new methodology.
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Both acceleration and focusing inside RFQ are governed by smooth variation of four parameters: amplitude of vane modulation, intervane voltage, synchronous phase and bore aperture. Experience shows that RFQ channel can be arbitrarily divided into three parts: adiabatic buncher (where beam is bunching and accelerated by small accelerating fields and synchronous phase near to -90 0 ), shaper (where smooth transition to nominal accelerating field and nominal synchronous phase take place) and proper accelerator. Lengths of RFQ parts and RFQ parameter variations are determined by the trial-and-error method. The process is labor-intensive and depends on a choice of the first approximation.
The mathematical methods of many-parametric optimization (as applied to charge particle beam dynamics) were developed at present time. In principle, they give a possibility to solve problem of RFQ optimization.
The principle of mathematical optimization consists in choice of optimization criteria, choice of control parameters and choice of exhaustive method. The possible criteria of optimization for RFQ channel designing can be: minimal length of RFQ channels and beam transmission no less then given one. Vane modulation, intervane voltage, synchronous phase and bore aperture in each cell can be used as control parameters. But such optimization method is possible in principle but it cannot be realized in practice. If we make an attempt to realize optimization procedure in form described above a failure is guaranteed. Time needed to solve the procedure will be astronomical large because control parameter number are more then thousand. It must be added that time for one RFQ version simulation is measured by minutes. Modern computer techniques have no power to make such optimization.
It means that simplified model for RFQ beam acceleration and focusing is needed. This model must, from one side, hardly reduce control parameter number and, from another side, give equivalent description of beam motion. Below we propose a model that allows to separate longitudinal motion optimization from transverse motion one.
Let us consider beam longitudinal motion. It declares by following equation
where We propose to calculate longitudinal component of Coulomb field as ones for cylinder with constant radius and with uniform distribution in each transverse crossection. In longitudinal direction periodical modulation take place along axis Z. In this case each macroparticle can be presented as uniform charge disc. One hundred discs are enough for reliable estimates. in number of extraction points in order to solve Eqs (2) and (3) with limitations (4) and (5) and obtain version satisfied given criteria.
Let us consider transverse motion optimization. Let us suppose that longitudinal motion optimization by above scheme was successful. As a result we obtain functions ) (ζ η By next step we find
, and find m(n) and a(n) on base of Ò and 0 R .
Transverse motion calculations were not needed if we use proposed optimization method. Instead, it is enough to find periodical solution for channel envelope in each cell. Only values of two parameters in chosen points must be found and only longitudinal motion equations (2), (3) must be solved with limitations (4), (5), using only small number of particles and fast calculation of Coulomb attraction. Optimization was based on simple model but main components of external forces and linear component of Coulomb forces are taken into account. Of course it cannot be advocated that optimal solution will be kept when other factors will be taken into account. Nevertheless it can be assumed that it will be near to optimal. If obtained optimal solution will be used as initial approximation then procedure of further "hand" optimization will be not time consumed.
At present time code package for RFQ optimization is generated in the frame of ISTC Project # 912. In future it will insert into LIDOS.RFQ.Designer as its part [1] .
If using of proposed optimization method will be successful then it will be possible to generate data base for optimal functions ) (ζ η and ) (ζ ϕ s and each twosome of κ and α values. In this case initial approximation choice will be simpler.
